This study mapped the fine-scale functional representation of tactile and noxious heat stimuli in cortical areas around the central sulcus of anesthetized squirrel monkeys by using high-resolution blood oxygen level-dependent (BOLD) fMRI at 9.4T. Noxious heat (47.5°C) stimulation of digits evoked multiple spatially distinct and focal BOLD activations. Consistent activations were observed in areas 3a, 3b, 1, and 2, whereas less frequent activation was present in M1. Compared with tactile activations, thermal nociceptive activations covered more area and formed multiple foci within each functional area. In general, noxious heat activations in area 3b did not colocalize with tactile responses. The spatial relationships of heat and tactile activations in areas 3a and 1/2 varied across animals. Subsequent electrophysiological mapping confirmed that the evoked heat and tactile BOLD signals were somatotopically appropriate. The magnitude and temporal profiles of the BOLD signals to noxious heat stimuli differed across cortical areas. Comparatively late-peaking but stronger signals were observed in areas 3b and 2, whereas earlier-peaking but weaker signals were observed in areas 3a, 1, and M1. In sum, this study not only confirmed the involvement of somatosensory areas of 3a, 3b, and 1, but also identified the engagements of area 2 and M1 in the processing of heat nociceptive inputs. Differential BOLD response profiles of the individual cortical areas along the central sulcus suggest that these areas play different roles in the encoding of nociceptive inputs. Thermal nociceptive and tactile inputs may be processed by different clusters of neurons in different areas.
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Introduction
Blood oxygen level-dependent (BOLD) functional magnetic resonance imaging (fMRI) has been widely used in localizing neural substrates of specific human brain functions because of its noninvasiveness and reasonable spatial (millimeters) and temporal (hundred of milliseconds or seconds) resolution. Application of BOLD fMRI in both healthy and pain patients has led to the identification of a widely distributed brain network that is responsible for pain perception, but the functional roles of most of these brain regions remain to be identified. Among those, a particularly debatable issue is the contribution of the primary somatosensory cortex (SI) in pain perception. Although many electrophysiological and functional mapping studies have supported an important functional role of SI in the representation of sensory discriminative aspects of pain such as location, intensity, duration, and quality of pain sensation, about half of the functional imaging studies have failed to show increased signal in SI during painful stimulation (see reviews [2, 37, 56] ). Similarly in primates, whereas nociceptive neurons have been identified in area 3a [4, 60] , area 3b, and area 1 [24, 25] , the small number of studies using functional optical imaging of intrinsic signals report a somewhat inconsistent pattern of SI activation in response to noxious stimuli that imply either that area 3a alone responds to noxious heat [54, 55] or areas 3a, 3b, and 1 respond [4] . It is well established that SI is involved in processing innocuous tactile information; however, the spatial relationships between nociceptive heat and innocuous tactile responses within individual SI subregions remain unclear. In sum, the role of SI cortex, and particularly the specific functions of its subregions, in the processing of nociceptive inputs, need to be further established.
With recent advances in fMRI, noninvasive functional mapping of larger areas of sensory cortex is now routinely achievable in nonhuman primates with submillimeter spatial resolution [7, 13, 14, 32, 34] . Our previous study on anesthetized squirrel monkeys at 9.4 T has demonstrated the ability of detecting BOLD signal 
